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LETTER OF TRANSMITTAL. 



U. S. Department of Agriculture, 

Bureau of Forestry, 
Wa^ihlngton, D, C, May 25, 190S, 

Sir: Nearly four years ago the Department issued as Bulletin No. 
24, Division of Forestry', a publication entitled A Primer of Forestry. 
"n^f d<;rriand for this bulletin has been large and continuous, and not- 
withi^turiding the fact that two editions, aggregating 45,000 copies, have 
U?^?n jHHUTfd, the supply is now exhausted. Owing to the expensive 
i'hmrvL^'Utr of this bulletin in its original form, I have thought it advis- 
*dSAit Uy rwommend its republication in the popular and more econom- 
ir^l Farmers' Bulletin series. With this end in view, I have slightly 
ut\\M*A the text, and a large number of the illustrations have been 
engraved in order to adapt them for use as text figures. It is believed 
\\\aX in its new form the bulletin will be even more useful than hereto- 
fore bcK^ause of the possibility of giving it a very much wider 
distribution. 

GiFFORD PiNCHOT, FoTeSteT. 

Hon. James Wilson, 

Secretary of Ayrmaltv/re. 
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A PRIMER OF FORESTRY. 



THE UPE OF A TEEX. 

The object of forestry is to discover and apply the principles accoi-d- 
ing to which forests are hest man- 
aged. It is distinct from arbori- 
culture, which deals with individual 
trees. Forestry has to do with sin- 
gle trees only aa they stand together 
on some large area whose piinoipal 
crop is trees, and which therefore 
forms part of a forest. The forest 
is the most highly organized portion 
of the vegetable world. It takes its 
importance less from the individual 
trees which help to form it than from 
the qualities which belong to it as a 
whole. Although it is composed of 
Irees, the forest is far more than a 
collection of trees standing in one 
place. It has a population of ani- 
mals and plants peculiar to itself, 
a soil largely of its own making, 
and a climate different in many 
ways from that of the open country. 
Its influence upon the streams alone 
makes farming possible in many 
regions, and everywhere it tends to 
prevent floods and drought. It sup- 
plies fuel, one of the tirst necessaries 
of life, and lumber, the raw material, 
without which cities, railroads, and 
all the great achievements of mate- 
rial progress would have been either 
long delayed or wholly impossible. 
The forest is as beautiful as it is 
useful. The old fairy tales which 
spoke of it as a terrible place are 
wrong. No one can really know 

the forest without feeling the gentle 

. „ , ,,. .. ,!• . , Fia.l.— RooM.stem.ftndcrownofftyoiing 

lanueQce of one of the kmdiiest and sheiibuk Hickory 
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and the digestion of its food take place in the crown. For this reason^ 
and because we can control its shape and size more easiiy and directly 
than that of the roots or trunk, the crown is of special interest to the 
forester. It is almost exclusively with the crowns that he has to deal 
in tending a crop of trees and preparing the way for the succeeding 



Fio. 3. — Tmnfcsol two Bed Fire ul . 
size. Olympic Potest Reserve, V 
IngtoQ. 



generation. As they stand together in the forest, the crowns of the 
trees form a broken shelter, which is uijually spoken of as the leaf 
canopy, but which may better be called the cover. 



THE FOOD OF A TBEE. 



The materials upon which a tree feeds are derived from the soil and 
the air. The minute root hairs which spring from the rootlets take 
up water from the ground, and with it various substances which it 



•f.- -• '^-m^Kfitr 11 "Jit^ f era. :c fc-ii»*> ▼:it**i u j ^^.r: .d .4 : 
T-.^ W'd^^ ▼ 1.1'^ !-.n.nA.ru* iiK>^ nnT^iriL^ ^'.•r^ "icrijir:^* trxi ibe roots 
. t^ i<sr -;•< ;i 'wi.t'T % TLi.-c zzir* 'rifci*: T«^»!f»?*?' :3^ t2»^ f-s^ii'cg' of the 
ir-^ ';*.c*-?r ^liii-^:, T!i*^ z'r:*'>rr& iy IJL*^ As'-^-jL JiLiz.' a :c tkcfz^ np and 
n>i*c : .r in '^riHr >!A^*^- :•: t-^rr* a_i'-ij!ii rv^ rr.cLise Air. It goes 
r. r..' ii "U**- ::»r»3!*^ai*t»: .f ^i^:il i:L«i l»tai- i>:«l i:i.r ^iri l^ articMi of 
•T.-/ »'»;':" I, L -'^i-tHCA^Dt'^ frici ▼*_• ii i.i>r V:!-*^. ij^i iijf jxiiig bark 

r.j^*'— a*-** kw*=»: 'jiikic^i Z!!*: f ♦:•!, -^- iiiii z«':krT ^ z:C:in aad animal 
i-'.- v^^^.i> ic»:a zii^fz^ P^iiLZ.* !^-l > w:... c xctki^ ril-r-r^piiTll break 
;r> ".->► •»/-#: r. J*. -ii'/,.t ^r^^ ■»""i^'s^LI«:L ii-j .vc_*t -^ .•'.^likr-t. retain the car- 
^n. vm .r -> -»-j^c:*T!iTr. ioi ^- i •sii.-k tJi-r :c^»rr, cxy^*, into the air. 
7 .»'i **", I irj:*rr ^Ljt: zztzrrZf:^ . f t:>r scrl-^ii. <i>: T ccci* iae the carbon 
r :,i v^- ,1- --rT. Ar.«i 'Tir rj^n .f ibe w-ic.-r fr.ci ibe Tvv>is into new 
♦n*^'» i-a* •j.cix»:cLi.'i?>- ir. wL:. h rL:ir>^=L iz>i *l»r cdLnhr constitaents 
i.#*-ir t nt^i t'K'T*: %T^ %L^j prv-?*rr.:: thsk* :> :■> siv. ib? food materials 
r 1 1'\ r^^"i. ':^. tr*^ i£.r*:*:i^ th^ rvv:^ 4::i I/a.v^s *nf £r>t digested in 
'."ii^ >ifc^^ *»'x_'>r"»iiii a* f-»i i> ii^:--<«:*i :n ih-e hunsui Iwdv, and are 
*^.-**n -»#^-.* V. i..- .'.'.zz \'^^^ '-'f i^^ r^-^cs. si^nu 4r.i crv>wn^ where they 
pfl>*^ ♦r^-v.^-n strxtber pr»>?ieTs> of d:^'e>t: -n, *r.i arv then either used 
If ',»"^>: .r. 5fTo*»tL or -t^.-r^i a-s^^y ur.iil th^ prv^per moment arrives. 
7\ -» > *.'>=: ^r:>rril r-^e. '•^•ui it i> Srl:evt-d thst :n <ome cases food 
*x4,^x, -p ^T :or root.-? can rje u-^ed without fir>t l^in*r digested in the 

THE 00MF06ITI0K OF WOOI>. 

*^f^A ;.• riia'ie up chiefly of carlx»n. oxyiren, and hydrogen. When 
p^rf*:^tlv ory. ahxjut half its weig^ht is oarlM>n. and half oxygen and 
'..'j'^rf/j^zw, in almost the same proportion as in water. It contains also 
a VA^t 1 part in l'». by weight, of earthy constituents, and nitrogen to 
x!i,H ''AXiyft amount. ^Vhen wood is bumei^l, all these materials disappear 
if»t/i the air exc-ept the earthy constituents. Now, the nitrogen and 
'9f%%^j taken up by the roots were originally in the air before they 
f^-i^y.^A the ground. It is true, therefore, that when wood is burned 
^x/t*M \jarU of it which came from the air go back into it in the form 
^/f ifx*^ while those which came from the soil remain behind in the 
form of oslutH. 

HOW THE TBEE BSEATHES. 

\W.M<\i*M giving out oxygen in assimilation, trees also take in oxygen 
froiri the air through their leaves, and through the minute openings 
ifi the liark <;alied lenticels, such as the oblong raised spots or marks 



on the young branches of birch and cherry and many other trees. All 
plants, like all animals, breathe; and plants, like animals, breathe in 
oxygen and breathe out carbonic at'id gas. This process of respiration 
or the breathing of the tree goes on both day and night, but it is 
far less active than assimilation, which takes place only in the light. 
Consequently more carbonic-acid gas is taken into the tree than i^ 
given out, and the surplus carbon 
remains to be used in growing. 

TBAHSFIBATION'. 

The leaves give out not only the 
oxygen derived from the decom- 
position of carbonic-acid gas taken 
from the air and carbonic-acid gas 
produced in breathing, but also 
great quantities of water vapor. 
The amount of water taken up by 
the roots is very much larger than 
is required to be combined with 
carbon and the earthy constituents 
in the leaves. In order that fresh 
supplies of earthy constituents in 
solution may reach the leaves rap- 
idly the water already in them 
must be got out of the way. This 
is effected by transpiration, which 
is the evaporation of water from 
all pai-ts of the tree above ground, 
hut principally from the leaves. 
Even where the bark is very thick, 
as on the trunks of old oaks and 
chestnuts, transpiration goes on 
through the lenticels in the hot- i^^i^i9aK!"pia^'!' ""^ ""^ ">"""" "' 
toma of the deep cracks (iig. 5). 

It sometimes happens, especially in spring before the leaves come out, 
that transpiration can not get rid of the water from the roots as fast 
as it rises, and that it falls in drops from the bu«ls, or later on even 
from the leaves themselves, 

THE OBOWTH OF A TBEB. 

The addition of new material in the way described in the preceding 
pages is the foundation of growth. Except in the buds, leaves, fruit, 
and the twigs less than a year old, this material is deposited in a thin 
coat over the whoie tree between the wood and the bark. The new 



twifft grow in length by n kind of stretching, but only during the 
firnt year. ThuH it it* only by means of these youngest twigs that i 



M when the bnuich wim I'li 



tree increases in height and in spread of branches. After the fii^ 
- -—ar their length is tixed, younger twigs stretch out from the buds, 
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and the older onea grow heQceforth only in thickness (fig. 6). The 
fresh coat of new material mentioned above covers them year by year. 
There are two layers in this coat, separated by a third one of tender 
forming tissues called the cambimn, in which the actual making of the 
new substance goes on. The inner side of the cambium layer forms 
new wood, the outer side new bark. Besides the true cambium, which 
forms both wood and bark, there is another cambium which makes 
the corky outer bark and nothing else (figfi?' 7 and 8). This cork 
cambium may encircle the whole tree, like the true cambium, as in the 



Fin. (t.— Outer surface ot bark of the Western Yellow Pine, ahowing the BcalC3 made hy the nuw^saive 
layers o[ cork cambiulD. 

Red Cedar, or it may form little separate films in the bark, but in 
either case it dies from time to time, and is re-formed nearer the wood. 

THE STRUCTTIBE OF WOOD. 

Wood is chiefly made up of very small tubes or cells (lig, 9) of vari- 
ous kinds, which have special uses in the life of the tree. Some con- 
duct water from the roots to the crown, some store away digested 
food, and others merelj' strengthen the structure of the wood and hold 
it together. The wood of cone-bearing or coniferous trees (like the 
pines and spruces) has but few kinds of cells, while that of the broad- 
leaf trees (such as oaks and maples) is much less simple. But in each 
case some of the cells have thick walla and small openings, and others 
wide openings and very thin walls. In climates which have regularly 
one season of growth and one of rest, like our own, the cells of the 
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layer of new wood formed each year at the ioaer surface of the cam- 
bium are arranged in a definite way. When growth begins in the 
spring, and the fresh twigs and leaves put out, there is a great demaod 
for water in the (rrown to supply these moist green new parts of the 
tree. Water rises in most trees through the 
newer layers of the wood, and especiallv 
through the last ring. Consequently, at first 
the tree make:) tbin-walled cells with wide 
o()enings. through which water can rise rap- 
idly to the ends of the branches. Later on,; 
when the demand for water is not so great, 
and there is plenty of digested food to supply 
building material, the celU formed are narroff; 
and thick-walled. Thus the summer wood 
in each year's growth is heavier, stronger, and 
darker in color than the spring wood. In 
the wood of many broadleaf trees, such ds-. 
oak and chestnut, the spring wood is also! 
mai'ked by a band of open tubes of larger 
size called ducts. In others, such as maple 
and beech, these ducts are scattered through 
the whole seuson's growth, and in all conifers, 
as for example the pines and cedars, they are 
entirely wanting. But the differences in hard- 
ness and color between the growth of spring 
and summer arc still present. It is sometimes 
possible to see the line which separates the 
growth of two seasons in the bark, as in 
the case of common cork, which is the outer 
bark of the Cork Oak, a native of southern 
Europe.' 

If the trunk or branch of an oak tree is cut 
smoothly across, thin whitish lines may be 
seen running from within outward (fig. 10, 
block at the right). Some of these lines begin 
in the center of the tree and others in each 
one of the annual rings. These are the medul- 
lary rays, which make the silver grain in 
- - quartered oak and other woods. They exiat 

^'"'g^i^^ta^"''' ^^ *•' ^'°^^ o* *^«s, but in many— as, for' 
example, in the Chestnut and in most coti-, 
fers — they are so fine as hardly to be seen with the naked eye. 
Seasoning cracks which run across the rings of growth always folio* 
the lines of these rays, while others most often follow along some 
nual ring. 
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It is correct to speak of these rings of growth as "annual rings," 
for as long as the tree is growing healthily a ring is formed each year 



Fm. ]0,— Wood of Weslern Hemlock. 

(figs. 10, 11). It is true that two false rings may appear in one year, 
but they are generally so much thinner than the rings on eaeh wide that 
it is not hard to det«et them. Very 
often the}' do not extend entirely 
around the tree, as ii tine ring always 
does if the tree is sound. Whenever 
the growth of the tree is interrupted 
and begins ^ain during the same 
season, such a false ring is formed. 
This happens when the foliage is 
destroyed by cateipillars and grows 

again in the same season, or when fiu.ii. -Annual rings. 

a very severe drought in early sum- 
mer stops growth for a time, after late frasts, and in similar rases. 

HXiABTWOOD AITO SAfWOOB. 

An annual layer once formed does not change in size or place during 
the healthy life of the tree, except that it is covered in time by other, 
younger layers. A nail driven into a tree 6 feet from the ground will 
still be at the same height after it is buried under 20 or 50 or 100 
layers of annual growth. But in most trees, like the oaks and pines, 
ttte wood becomes darker in color and harder after it has been in the 
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tree for Horae years. The openings of its cells become choked bo tbi 

the Hap ran no lon^r run tbrough' them. From liring sapwood,n 

wliif^h gfowth Ih going on, it becomes hearbwood, which is dead 

\Mu:niii*ti it liUH nothing to do with growth (fig. 12). It is simply a stronf 

frainifwork whii-b hclpn to support the living parts of the tree. Thi 

in why hollow tn-i's may flourish and bear fmlL When the tree i 

rut down, the HtipwcKx] rots more eaaily than the heartwood, becaua 

it takes up water readily and con 

tains plant food, which decays vei^ 

fa«L Not all treea have heartwood 

and in many the difference in coloi 

lM"tween it and the sapwood is vei] 

slight Since water from the roofi 

rises only in the sapwood, it is eaJ 

to kill trees with heartwood ^ 

girdling them, provided all the sap 

wood i« cut through. But in those 

which have no heartwood the tuba 

of the older layers of wood can am 

convey water to the crown, im 

when such trees are girdled itJ 

often .several years before they A 

A great many theories have Im 

proposed to account for the risfll 

water into the tops of tall tr« 

some of which, as in the big trtl 

of California, may be over 300 fefl 

from the ground. But none of tbm 

theories is quite satisfactory, and! 

must be admitted that we do not jp 

know how the trees supply th« 

lofty crowns with the water -w]am 

keeps them alive. j 

TSEE8 IN TEX FOKEST. 

Tio. i-i —A Bertsn„ r,i ,h^ ^ ^ . The natufe of a tree, Bs showD 

^mMB, BhowliiK 'he darkened heartw.iod, its bchaviOr m the forest, IS Cali 

b«rk. Miiforf^pa."""'' "'*'"""'""''"'»«'■ its silvicultural character. It 
. . , made up of all those qualities upo 

wmch the species as a whole, and every individual tree, depend in thei 
struggle for existence. The regions in which a tree will live, and tl 
places where >t will flourish best; the trees it will grow with, and thoa 
^K,h .t kUls or ,s killed by; its abundance or slrcity; its size a. 

J!Ju r^^ '*"''' *^'"^^ "« -i^^'d^^ by the intern qualitia 
silvicultural character, of each particular kind of tree. ^ 



lightest f roat. It ia alwaya the highest and lowest temperature, rather 
Ulan the average, which decides where a tree will or will not grow. 
Thua the average temperature of an island where it never freezes may 
be only 60*^, while another place, with an average of 70'^, may have 
occaaional froats. Trees which could not live at all in the latter on 
icoount of the froat might flourish in the lower average warmth of 
ike former. 

In this way the influence of heat and cold on trees has a great 
deal to do with their distribution over the aurface of the whole earth. 
Their distribution within shorter distances also often depends largely 
Dpon it. In the United States, for example, the Live Oak does not 
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grow in Maine nor the Canoe Birch in Florida. Even the opposite 
sides of the same hill may be covered with two different species, 
because one of them resists the late and eariy frost« and the fierc* 
midday heat of summer, while the other requires the coolness aod 
moisture of the northern slope (fig. 14). On the eastern slopes, where 
the sun strikes early in the day, frosts in the spring and fall are far 
oiore apt to kill the young trees or the blossotna and twigs of oldeT 



Fio. U. The Black Henilwk in its home, CasCHde Mounlaiua o( WaablngloD. 

ones than on those which face to the west and north, where growtl 
begins later in the spring, and where rapid thawing, which does mote 
harm than the freezing itself, is less likely to take place, 

REamKEMENTS OF IBEES FOB HEAT AKD HOISTtntE. 

Heat and moisture act together upon trees in such a way that it is 

sometimes hard to distinguish their effects. A dry country or a dij 

slope is apt to be hot as well, while a cool uorthern slope is almo^ 

always moister than one turned toward the south. Still the results of 
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the demand of trees for water can usually be distinguished from the 
results of their need of warmth, and it is found that moisture has 
almost as great an influence on the distribution of trees over the earth 
as heat itself. Indeed, within an}' given region it is apt to be much 
more conspicuous, and the smaller the region the more noticeable often 
is its eflFect, because the contrast is more striking. Thus it is fre- 
quently easy to see the diflFerence between the trees in a swamp and 
those on a dry hillside nearby, when it would be far less easy to dis- 
tinguish the general character of the forest which includes both swamp 
and hillside from that of another forest at a distance. In many 
instances the demand for water controls distribution altogether. For 
this reason the forests on the opposite sides of mountain i^anges are 
often composed of entirely different trees. On the west slope of the 
Sierra Nevada of California, for example, where there is plenty of 
moisture, there is also one of the most beautiful of all forests. The east 
slope, on the contrary, has comparatively few trees, because its rainfall 
is very slight, and those which do grow there are small and stunted in 
comparison with the giants on the west. Again, certain trees, like the 
Bald Cypress and the River Birch, are commonly found only in very 
moist land; others, like the mesquites and the Piny on or Nut Pine, 
only on the driest soils; while still others, like the Red Cedar and the 
Red Fir, seem to adapt themselves to almost any degree of moisture, 
and are found on both very wet and very dry soils. In this way the 
different demands for moisture often separate the kinds of trees which 
grow in the bottom of a valley from those along its slopes, or even 
those in the gullies of hillsides from those on the rolling land between. 
A mound not more than a foot above the level of a swamp is often 
covered with trees entirely different from those of the wetter lower 
land, about it. 

Such matters as these have far more to do with the places in which 
different trees grow than the chemical composition of the soil. But 
its mechanical nature — that is, whether it is stiff or loose, fine or coarse 
in grain, deep or shallow — is very important, because it is directly 
connected with heat and moisture and the life of the roots in the soil. 

BEaniB^MENTS OF TREES FOB LIGHT. 

The relations of trees to heat and moisture are thus largely respon- 
sible for their distribution upon the great divisions of the earth's 
surface, such as continents and mountain ranges, as well as over the 
smaller rises and depressions of every region where trees grow. But 
while heat and moisture decide where the different kinds of trees can 
grow, their influence has comparatively little to do with the struggles 
of individuals or species against each other for the actual possession 
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of the ground. The outcome of these struggles depends less on heat 
and moisture than on the possession of certain qualities, among which 
is the ability to bear shade. With regard to this power trees are 
roughly divided into two classes, often called shade-bearing and light- 
demanding, following the German, but better named tolerant and 
intolerant of shade. Tolerant trees are those which flourish under 
more or less heavy shade in early youth; intolerant trees are those 
which demand a comparatively slight cover, or even unrestricted ligbt 
Later in life all trees require much more light than at first, and usaaDy 
those of both classes can live to old age only when they are altogelte 
unshaded from above. But there is always this diflference betwgii 
them: The leaves of tolerant trees will bear more shade. Consequent 
the leaves on the lower and inner parts of the crown are more vigorcne, 
plentiful, and persistent than is the case with intolerant trees. Tlatt 
the crown of a tolemnt tree in the forest is usually denser and lon^^ 
than that of one which bears less shade. It is usuallv true that fte 
seedlings of trees with dense crowns are able to flourish under cov#, 
while those of light-crowned trees are intolerant This rough genc^l 
rule is often of use in the study of forests in a new country, orW 
trees whose silvicultural character is not known. 

TOIiERANGE AND INTOLEUANGE. 

The tolerance or intolerance of trees is one of their most impo; 
silvicultural characters. Frequently it is the first thing a fo 
seeks to learn about them, because what he can safely undertai 

the woods depends so largely upon it. Thus tolerant trees will o - 

grow vigorously under the shade of light-crowned trees (fig. 15)abdfe 
them, while if the positions were reversed the latter would speedily 
die. The proportion of different kinds of trees in a forest often 
depends on their tolerance. Thus hemlock sometimes replaces Whit& 
Pine in Pennsylvania, because it can grow beneath the pine, and so be 
ready to fill the opening whenever a pine dies. But the pine can not 
grow under the hemlock, and can only take possession of the ground 
when a fire or a windfall makes an opening where it can have plenty 
of light. Some trees after being overshaded can never recover their 
vigor when at last they are set free. Others do recover and grow 
vigorously even after many years of starving under heavy shade. 
The Eed Spruce in the Adirondacks has a wonderful power of this 
kind, and makes a fine tree after spending the first fifty or even one 
hundred years of its life m reaching a diameter of two inches. 

The relation of a tree to light changes not only with its age, but 
also with the place where it is growing, and with its health. Ab 
intolerant tree will stand more cover where the light is intense than 
in a cloudy northeni region, and more if it has plenty of water than 
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Hlo[>eH of a high mountain are cominonly starved and stunted in oom- 
parim>n with th<» vigorous forest lower down. The Western Chinqua- 
pin, which reac'hes a height of 150 feet in the coast valleys of northern 
(^lifornia, is a mere shrub at high elevations in the Sierra Nevada. 
The same thing is often observed in passing from the more temperate 
n-gions to the far north. Thus the Canoe Birch, at its northern limit, 
riw^s only a few inches aVx)ve the ground, while farther south it becomes 
a tnM5 wimetimes 120 feet in height. 

THE REPBODUCTIVE POWEB OF TBEE8. 

Anothi^r matter which is of the deepest interest to the forester is 
the repHKluctive power of his trees. Except in the case of sprouts and 

other growth fed by old 
I roots, this depends first 
of all on the quantity of 
the seed which each tree 
bears; but so many 
other considerations 
affect the result that a 
tree which bears seed 
abundantly may not re- 
produce itself very well . 
A part of the seed is 
always unsound, and 
sometimes much the 
larger part, as in the 
case of the Tulip Ti?ee. 
But even a great abun- 
danceof sound seed does 
not always insure good 

Flo. 16.— Winged seeds: 1, Basswood; 2, Boxelder; 3, Elm; 4, Fir; reproduction. Thesecds 

6 to 8, p ne. ^^y ^^^ g^^ ^j^^ right 

surroundings for successful germination, or the infant trees may perish 
for want of water, light, or suitable soil. Where there is a thick layer 
of dry leaves or needles on the ground, seedlings often perish in great 
numbers because their delicate rootlets can not reach the fertile soil 
beneath. The same thing happens when there is no humus at all and 
the surface is hard and dry. The weight of the seed also has a power- 
ful influence on the character of reproduction. Trees with heavy seeds, 
like oaks, hickories, and chestnuts, can sow them only in their own 
neighborhood, except when they stand on steep hillsides or on the 
banks of streams, or when birds and squirrels carry the nuts and 
acorns to a distance. Trees with light, winged seeds (fig. 16), like the 
poplars, birches, and pines, have a great advantage over the others, 
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because they can drop their seeds a long way off. The wind is the 
means by which this is brought about, and the adaptation of the seeds 
themselves is often very curious and interesting. The wing of a pine 
seed, for example, is so placed that the seed whirls when it falls, in 
such a way that it falls very slowly. Thus the wind has time to carry 
it away before it can reach the ground. In heavy winds pine and other 
winged seeds are blown long distances — sometimes as much as several 
miles. This explains how certain kinds of trees, like the Gray Birch 
and the White Pine, grow up in the middle of open pastures, and how 
others, such as the Lodgepole Pine, cover great areas, far from the 
parent trees, with young growth of even age. 

Such facts help to explain why, in certain places, it happens that 
when pines are cut down oaks succeed them, or when oaks are 
removed pines occupy the ground. It is very often true that young 
trees of one kind are already growing unnoticed beneath old trees of 
another, and so are ready to replace them whenever the old trees are 
cut away. 

PTJBE AND MIXED FOREST. 

The nature of the seed has much to do with the distribution of trees 
in pure or mixed forest. Some kinds of trees usually grow in bodies 
of some extent containing only a single kind; in other words, in pure 
forest. The Longleaf Pine of the South Atlantic and Gulf States is 
of this kind, and so is the Lodgepole Pine of the West. Conifers are 
more apt to grow in pure forest than broadleaf trees, because it is 
more common for them to have winged seeds. The greater part of 
the heavy-seeded trees in the United States are deciduous, and most 
of the deciduous trees grow in mixed forest, although there are some 
conspicuous exceptions. But even in mixed forests small groups of 
trees with heavy seeds are common, because the young trees naturally 
start up beneath and around the old ones. A heavy seed, dropping 
from the top of a tall tree, often strikes the lower branches in its fall 
and bounds far outside the circle of the crown. Trees which are 
found only, or most often, in pure forest are the social or gregarious 
kinds; those which grow in mixture with other trees are called 
scattered kinds. Most of the hardwood forests in the United States 
are mixed; and many mixed forests, like that in the Adirondacks, 
contain both broadleaf trees and conifers. The line between grega- 
rious and scattered species is not always well marked, because it often 
happens that a tree may be gregarious in one place and live with 
many others elsewhere. The Western Yellow Pine, which forms, on 
the plateau of central Arizona, perhaps the largest pure pine forest 
of the earth, is frequently found growing with other species in the 
mountains, especially in the Sierra Nevada of central California. 
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Qay be gi'eater, or there may be some other reason why they are bet- 
er fitted for their surrouDdings. But the gregarious trees are not all 
ilike in their ability to sustain themselves in different situations, 
¥hile the differences between some of the mixed-forest species are 
rery marked indeed. Thus, Black Walnut, as a rule, grows only in 
•ich, moist soil and Beech only in damp situations. Fire Cherry, on 
lie other hand, is most common on lands which have been devas- 
;ated by fire, and the Rock Oak is most often found on dry, barren 
indges. The Tupelo or Black Gum and the Red Maple both grow 
aest in swamps, but it is a common thing to find them also on dry, stony 
soils at a distance from water. The knowledge of such qualities as 
bhese is of great importance in the management of forest lands. 

SEFBODTTCTION BT SPROUTS. 

"Besides reproduction from seed, which plays so large a part in the 
struggle for the ground, reproduction by sprouts from old roots 
or stumps (fig. 17) is of great importance in forestry. Trees differ 
very much in their power of sprouting. In nearly all conifers except 
the California coast Redwood, which has this ability bej^ond almost 
every other tree, it is lacking altogether. The Pitch or Jack Pine of 
the Eastern United States has it also to some extent, but in most 
places the sprouts usuallj'^ die in early youth and seldom make mer- 
chantable trees. In the broadleaf kinds, on the other hand, it is a 
general nnd very valuable quality. Young stumps, as a rule, are much 
more productive than old ones, although some prolific species, like the 
Chestnut, sprout plentifully in old age. Other species, like the Beech, 
furnish numerous sprouts from young stumps and very few or none 
at all from old ones, and still others never sprout freely even in early 
youth. 

THE LITE OF A FOEEST. 

The history of the life of a forest is a story of the help and harm 
which the trees receive from one another. On one side every tree is 
engaged in a relentless struggle against its neighbors for light, water, 
and food, the three things trees need most. On the other side, each 
tree is constantly working with all its neighbors, even those which 
stand at some distance, to bring about the best condition of the soil 
and air for the growth and fighting power of every other tree. 

A COMMTJNITT OF TREES. 

The life of a community of trees is an exceedingly interesting one. 
A forest tree is in many ways as much dependent upon its neighbors 
for safety and food as are the inhabitants of a town upon one another. 
The difference is that in a town each citizen has a special calling or 
occupation in which he works for the service of the commonwealth, 
while in the forest every tree contributes to the general welfare in 
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nearly all the wayK in which it is l>onpfit^d by the comniuDitj. A for- 
est tree helpH t<> protect its neighl>orM against the wind, which might 
overthrow theni, and the sun, which in ready to dry up the soil about 
their roots or to make »un crm^kH in their >iark hy shining too hotly 
upon it (fig. IH). It enrichei4 the varth in which they stand by the M 
of itj leaves and twigs, and aids in keeping the air about their crowns, 
and the soil about their roots, cooler in siioinier and warmer in winter 
than it would Im; if each tree stood alone. With the others it forms i 



Fio. 18.— Forest tre«a standing loo far apart to help each other. Lake Chelan, WasbinsloP- 

common canopy under which the seedlings of all the members of tb)9 
protective union are sheltered in early youth, and through which ti* 
beneficent influence of the forest is preserved and extended far beyoDo 
the spread of the trees themselves. But while this fruitful coopef*' 
tion exists, there is also present, just as in avillageoracity,avigorou-' 
strife for the good things of life. For a tree the best of these, a'"^ 
often the hardest to get, are water for the roots and space and lipl*' 
for the crown. In all but very dry places there is wat«r enough f°^ 



all the trees, and often more than enough, act for example in the 
Adirondack forest. The struggle for space and light is thus more 
important than the struggle for water, and as it takes place above 
ground it is also much more easily observed and studied. 

Light and space are of such importance because, as we have seen, 
the leaves can not assimilate or digest food except in the presence of 
light and air. The rate at which a tree can grow and make new wood 
is decided chiedy by its ability to assimilate and digest plant food. 
This power depends upon the number, size, and health of the leaves, 
and these in turn upon the amount of space and light which the tree 
can secure. 

THE UFE OF A FOILEBT CBOP. 

The story of the life of a forest crop is then largely an account of 
the competition of the trees for light and room, and, althourrh the very 
strength which enables 
them to carry on the 
fightisaresultof their 
association, still the 
deadly struggle, in 
which the victims are 
many times more in 
number than those 
which survive, is apt 
alone to absorb the at- 
tention. Yetthe mutual 
help of the trees to each 
other is always going 
quietly on. Every tree 
continually comforts 
and assists the other 
trees, which are its 
friendly enemies. 

The pui-pose here is 
to follow the progress 
of a forest crop of uni- 
form age from the seed 
through all the succes- 
sive phases of its life 
until it reaches matu- 
rity, bears seed in its 
turn, and finally de- 
clines in fertility and 
strength until at last it passes away and its place is filled by a new 
generation. The life history which we are about to follow, as it unfolds 
itself through the course of sevei-al hundred years, is full of struggle 
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and dau)gf*r in joutlu netful :kvA diimi&Kl in mg^- The cluuiges whidi| 
pa.^ over it arp ra>t ar:«i full of th*- tW|i»>>t interest, but they are verf! 
gradual. From ^i»-'j'ir:nin:^' to ••n«"i <»r«* ^tajj** inelt^ ins^ensibly intotiie^ 
next. StiM, in or-l»^r to ^tu iy and d»*^^ri^>e them conTenientlj, each 
»taffe mii^t have iiriiit> an 1 a name. 

THE 8EVKV AOSB OF A 

A very practiml way of c!a»ifyinir trves according to size is thefol- 
kiwing": Young" tret*-* which ha\e m^i yet remcbed a height of 3 feet 
are *rw///'/#//x itijr- r«*i. They an* t-alled >eedlings in >pite of the fact 
that any tree, of whatever a^re. if it g^rew from a c^eed, is properly 
calM a -j^^iling tree. Trees fnmi :^ tt> 10 feet in height are small 
fuipJ'htj*^ and from 1»» ftn-t in hei^'ht until they reach a diameter of 4 
inches they are Ltnj" j^/y *///#'/*. ^''/*/i//y*»7^x are from 4 to 8 inches in 
diamK^-r. and ////y^y^A/^* fn>m *^ to 1:? inches in diameter. Trees from 
1 to '1 feet throuirh are x^t*in»hinh^ and. dnallv, all trees over 2 feet in 
diameter are f^^t^'fitix. 

It i'^ very important to rememl>er that all these diameters are meas- 
urf-d at the heiirht of a man's che-^t* al>out 4 feet 6 inches from the 
ground. In forestry this i*^, rou^rhly speaking, the general custom. 

HOW THS CBOP BEOIH8. 

Let 0.-5 imagine an abundant cri>p of tn^ seeds lying on the groi 
in the forest. How they <*ame tlien* does not interest us at present; 
we do not care to know whether thev were carried hv the wind, as 
often hapi>ens with the wing-ed seeds of many trees, such as pines and 
maph.*s. whether the squinvls and birds dropped and planted some 
of them, as they fretjuently do acorns and chestnuts, or whether ti 
old trees .>tood closelv about and sowed the seeds themselves, 
will suppose them to be all of one kind, and to be scattered in a*plac5^ 
where the soil, the moisture, and the light are all just as thej'^ should 
Ije for their successful germination, and afterwards for the later stages 
of their lives. Even under the best conditions a considerable part of 
the fallen seed may never germinate, but in this case we will assume 
that half of it succeeds. 

As each seed of our forest germinates and pushes its first slender 
ro<^)tlet downward into the earth, it has a verv uncertain hold on lite. 
Even for some time afterwards the danger from frost, dryness, and 
excessive moisture is very serious indeed, and there are many other 
foes by which the young seedlings may be overcome. It sometimes 
happens that great numbers of them perish in their earliest youth 
because their roots can not reach the soil through the thick, dry coating 
of dead leaves which covers it. But our young trees pass through the 
beginning of these dangers with comparatively little loss, andaplenti- 
f ul crop of seedlings occupies the ground. As yet, however, each 
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lie tree titandy free from those about it. As yet, too, the life of the 
>ung forest may be threatened or even destroyed by any one of the 
lemies already mentioned, or it may suffer just as severely if the 
iver of the older trees above it is too dense. In the begittning of 
eir lives seedlings often require to \te protected by the shade of their 
ders, but if this protection is too long continued they suffer for want 
light, and are either killed outriffht or live only to drag on stunted 
id unhealthy lives. 

THE FOREST COVER ESTABLISHED. 



THE BEOINNINO OF THE STRUOOLE. 

In SO far the conditions of life are better, and in consequence the 
Towth, and more especially the height growth, begins to show a 
narked increase. On the other hand, all the new strength is in 
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immediate demand. With the added vigor which the trees are noi 
helping eai*h other to attain, comes the mast urgent need for rapij 
development for the decisive struggle at hand. The roots of 
young trees contend with each other in the soil for moisture and 
plant food which it contains, while in the air the crowns struggle 
space and light. The latter is by far the more important battle, 
victors in it overcome by greater rapidity of growth at the ends of tl 
branches, for it is by growth there, and there only, that trees inoi 
in height and spread of crown. Gix)wth in this way was going 
unchecked among the young trees before the crowns met, but now onl 
the upward-growing branches can develop freelj'. The leaves at 
ends of the side branches have now less room and, above all, less ligl 
for the)' are crowded and thrust aside by those of the otber ti 
Very often they are bruised by thrashing against their neighbors wh 
the wind blows, or even broken off while still in the bud. Lean 
exposed to such dangers are unhealthy. They transpire less than-tl 
healthy undisturbed leaves of the upper part of the crown, and moi 
and more of the undigested food from the roots goes to the stronj 
leaves at the top as the assimilating power of the side leaves dwindl^ 
with the loss of light. The young branches share the fortunes of th( 
leaves and are vigorous or sickly according to the condition of the latt 
For this reason the growth of the tops increases, while that of the lowt 
lateral branches, as the tops cover them with a deeper and dee] 
shade, becomes less and less. Gradually it ceases altogether, and tl 
branches perish. This process is called natural pruning, and frc 
the time when it begins the existence of the j^oung forest, unless 
should be overtaken by fire or some other great calamity, is practi< 
secure. 

GKOWTH IN HEIGH.T. 

At this time, as we have seen, the crowns of all the young trees 
growing faster at the tops than at the sides, for there is unlimite4| 
room above. But some are growing faster than others, either becau9<l| 
their roots are more developed or in better soil than those of the 
trees about them, because they have been freer from the attacks of 
insects and other enemies, or for some similar reasons. Some trees 
have an inborn tendency to grow faster than others of the same? 
species in the same surroundings, just as one son in a family is often 
taller than the brothers with whom he was brought up. ' 

Rapid growth in height, from whatever cause it proceeds, brings 
not only additional light and air to the tree which excels in it, but? 
also the chance to spread laterally, and so to complete the defeat or 
its slower rivals by overtopping them. ' 
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THE STBUGGLE CONTINUED. 

Those trees which have gained this advantage over their neighbors 
■e called dominant trees, while the surviving laggards in the race are 
id to be overtopped when they are hopelessly behind, and retarded 
hen less badly beaten. Enormous numbers of seedlings and small :. 
plings are suppressed and killed during the early youth of the A'; 
►rest. In the 3'^oung crop which we are following many thousands t 
jrish upon every acre. Even the dominant trees, which are tem- j 
)rarily free when they rise above their neighbors, speedily come 
to conflict with each other as they spread, and in the end the greater '^ 
)rtion is overcome. It is a very deadly struggle, but year by 3^ear 
le diflferences between the trees become less marked. Each separate 
dividual clings to life with greater tenacity, the strife is more pro- 
acted and severe, and the number of trees which perish grows 
ipidly smaller. But so great is the pressure when dense groups 
: young trees are evenly matched in size and rate of growth that it 
not very unusual to find the progress of the young forest in its 
irly stages almost stopped and the trees uniformly sickly and under- 
zed, on account of the crowding. 

The forest we have been following has now passed through the 
Qall-sapling stage, and is composed chiefly, but not exclusively, of 
rge saplings. Among the overtopped and retarded trees, which 
%en remain in size classes which the dominant trees have long since 
itgrown, there are still many low saplings. Even between the 
)minant trees, in a healthy forest, there are always great differences, 
kcrease in height is now going on rapidly among these high sap- 
Qgs, and either in this stage or the next a point is reached when 
le topmost branches make their longest yearly growth, which is one 
ay of saying that the trees make their most rapid height growth as 
acge saplings or small poles. Later on, as we shall see, these upper 
ranches lengthen much more slowly, until, in standards and veterans, 
le growth in height is small, and in very old trees finally ceases 
together. 

NATUBAL PRUNING. 

While the trees are pushing up most rapidly, the side branches are 
lost quickly overshaded, and the process of natural pruning goes on 
ith the greatest vigor. Natural pruning Is the reason why old trees 
I a dense forest have only a small crown high in the air, and why 
leir tall, straight trunks are clear of branches to such a height above 
le ground. The trunks of trees grown in the open, where even the 
mer limbs have abundance of light, are branched either quite to the 
round or to within a short distance of it (fig. 21). But in the forest 
at only are the lower side branches continually dying for want of 
fht, but the tree rids itself of them after they are dead and so frees 
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res of this hole make a sort of collar about the base of the dead 

inch, and as a new layer is added each year they press It more and 

jore tightly. So strong does this compression of the living wood 

>me that at last what remains of the dead tissue has so little 

igth that the branch is broken off by a storm or even falls of its 

weight. Then in a short time, if all goes well, the hole closes, 

after a while little or no exterior trace of it remains. Knots, 

as those which are found in boards, are the marks left in the 

ik by branches which have disappeared. 

THE CTTLMINATION OF GROWTH. 

lile the young trees are making clean trunks so rapidly during 
tperiod of greatest 3^ early height growth they are also making their 
ttest annual gains in diameter, for these two forms of growth gen- 
tly culminate about the same time. A little later, if there is any 
srence, the young forest's highest yearly rate of growth in volume 
reached. For a time these three kinds of growth keep on at 
isame rate as in the past, but afterwards all three begin to decrease. 
mth in diameter, and in volume also, if the trees are sound, goes 
intil extreme old age, but height growth sinks very low while the 
others are still strong. For many years before this happens the 
fgle between the trees has not been so deadl}^, because they have 
almost without the means of overtopping one another. When 
?8nd of the period of principal height growth is reached the trees 
interfering with each other very little, and the struggle for life 
IS again in a different way. As the principal height growth 
and the tops no longer shoot up rapidly above the side 
;hes, the crowns lose their pointed shape and become compara- 
flat. The chief reason why trees stop growing in height is that 
are not able to keep the upper parts of their crowns properly 
lied with water above a certain distance from the ground. This 
ice varies in different kinds of trees, and with the health and 
of the tree in each species, but there is a limit in every case 
which the water does not reach. The power of the pumping 
dnery, more than any other quality, determines the height of the 

THE END OF THE STBUGGIiE. 

w that the tree can no longer expand at the top, it must either 

r a great loss in the number of its leaves or be able to spread at 

des; for it is clear that not nearly so many leaves can be exposed 

the light in the flattened crown as in the pointed one, just as a 

ointed roof has more surface than a flat one (fig. 22). It is just at 

lb time, too, that the trees begm to bear seed most abundantly, and 

IS of the greatest importance to each tree that its digestive appa- 
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ratus in the leaves -^IhtuM V *'»> ii» furnish m large svipply of digested 
food. Con<e*juentlT the stni^v:'^ f«»r >pKv is fiercely renewed, only 
now the trees no longer att^ni|>t to t>verti»p *>ne another, having lost 
the power, hut to cn>wd one ar.*»ther away at the sides. The whole 
forest roi^ht suffer ^^-Vf^relv at ih:< i^»int fn»Qi a deadlock such as 
sometimes happens in early youth were it not for the fact that the 
trees, as they gri>w i>kier. *»»nimie more and more sensitive to any 
shade. Manv specit's whirh >tarid t-n^wdiiiif fairiv well in vouthcan 
not thrive in age uiile^'i thfir cn^wn** arv i^uupletely free on every 
side. Each of the victor^ in thi^ la>t pha>e of the struggle is the sur- 
vivor of hundreds (or >4.>metinie> even of thousands) of seedlings. 
Among very numen>iui ctmi|vtitt»rs they have shown themselves to be 
the best adapted to their surnnin»Ung<. 

Natural selection has nuule it cK^ar that these are the best trees for 
the place. These are al>o the tn*es which bear the seed whence tie 

younger generations spring. Their offspring w31 
inherit their titness to a greater or less degree, 
and in their turn will be subjected to the S9M 
rigorous test, by which only the best are allom^ 
to n^ach maturity. Under this sifting* out of A 
weak and the untit. our native trees have mk 
prejxired through thousands of generations fe 
meet the cH>nditions under which thev mustlivc 
This is why they are so much more apt to suoo^ 
than s|)ecies from ahix>ad, which have not Mp 
titted for our climate and soil bv natural selectioii 

The forest which we saw first in the seed 
now passed through all the more vigorous 
active stages of its life. The trees have 
standards and veterans, and large enough to be valuable for lu 
Rapid growth in height has long been at an end, diameter gro 
slow, and the forest as a whole is increasing very little in volume as 
time goes on. The trees are ripe for the harvest. 

Out of the many things which might happen to our mature forest, 
we will only consider three. 

DEATH FROM WEAKNESS AND DECAT. 

In the first place, we will suppose that it stands untouched until, HI 
the trees of the virgin forest, it meets its death from weakness ai 
decay. 

The trees of the mature primeval forest live on, if no accident 

intfjrvene, almost at peace among themselves. At length all confli< 

between them ends. The whole power of each tree is strained in 

new struggle against death, until at last it fails. One by one theol 

1 disappear. But long before they go the forerunners of a net 




Fig, 22. — Diagram to show 
why a sharply conical 
crown receives more light 
than a flat one. 




feneration have sprung up 'wherever light came in between their 
solated crowns. As the old trees fall, with intervals often of many 
'ears between their deaths, young growth of various ^es rises to take 
.heii' place (fig. 23), and when the last of the old forest crop has vanished 
here may be differences of a hundred years among the j'oung trees 
vhicb succeed it. An even-aged crop of considerable extent, such as 
ve have been considering, is not usual in the virgin forest, where 
rees of very different ages grow side by side, and when it does occur 
he next generation is far less uniform. The forest whose history has 
ust been sketched was chosen, not because it represents the most 



ommon type of natural forest, but because it illustrates better than 
ny other the progress of forest growth. 
The wood of a tree which dies in the forest is almost wholly wasted, 
for a time the rotting trunk may serve to retain moisture, but there 
) little use for the carbon, oxygen, and hydrogen which make up its 
Teater part. The mineral constituents alone form a useful fertilizer, 
'Ut moat often there is already an abundance of similar material in 
be soil. Not only is the old tree lost, but ever since its maturity it 
as done little more than intercept, to no good purpose, the light 
rhicb would otherwise have given vitality to a valuable crop of 
ounger trees. It is only when the ripe wood is harvested properly 
Dd in time that the forest attains its highest usefulness. 
26900— No. 173—03 3 
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nearly all the ways in which it U l»enefited by the community, A for- 
est tree helps to protect its neighbors againat the wind, which might 
overthrow them, and the sun, which is ready to dry up the uoil about 
their roots or to make sun cracks in their bark by shining too hotlj 
upon it (fig. 18). It enriches the earth in which they stand by the fall 
of its leaves and twigs, and aids in keeping the air about their crowns, 
and the soil about their roots, cooler in sunmier and warmer in winter 
than it would be if each tree stood alone. With the others it forms* 



FiQ, le.— Foiesl trees standing too far apart lo help each other. Lake Chelan, WasMngton. 

common canopy under which the seedlings of all the members of this 
protective union are sheltered in early youth, and through which the 
beneficent influence of the forest is preserved and extended far beyond 
the spread of the trees themselves. But while this fruitful coopera- 
tion exists, there is also present, just as in a village or a city, a vigorous 
strife for the good things of life. For a tree the best of these, and 
often the hardest to get, are water for the roots and space and lif[ht 
for the crown. In all but very dry places there is water enough fti' 



25 

all the trees, and oft«D more than enough, tm for example in the 
Adirondack forest. The struggle for space and light is thus more 
important than the struggle for water, and as it takes place above 
ground it is also much more easily observed and studied. 

Light and space are of such importance because, as we have seen, 
the leaves can not assimilate or digest food except in the presence of 
light and air. The rate at which a tree can grow and make new wood 
is decided chiefly by its ability to assimilate and digest plant food. 
This power depends upon the numljer, size, and health of the leaves, 
and these in turn upon the amount of space and light which the tree 
can secure. 

THE LIFE OF A FOREST CHOP. 

The story of the life of a forest crop is then largely an account of 
the competition of the trees for light and room, and, althoujjh the very 
strength which enables 
them to carry on the 
fight is a result of their 
association, still the 
deadly struggle, in 
which the victims are 
many times more in 
number than those 
which survive, is apt 
alone to absorb the at- 
tention. Yetthe mutual 
help of the trees to each 
other is always going 
quietly on. Every tree 
continually comforts 
and assists the other 
trees, which are its 
friendly enemies. 

The purpose here is 
to follow the progress 
of a forest crop of uni- 
form age from the seed 
through all the succes- 
sive phases of its life 
until it reaches matu- 
rity, bears seed in its 
turn, and finally de- 

,. . , ,.,./ , FiQ.19.— AWliHeFUimicodlliig.ahowliiKthcBlenderroots. 

chnes m fertility and 

strength until at last it passes away and its place is filled by a new 
generation. The life history which we are about to follow, as it unfolds 
itself through the course of several hundred years, is full of struggle 



87 

TRAMPLING. 

Trampling is the second way in which grazing animals injure the 
[>rest. Cattle and horses do comparatively little harm, although 
eir hoofs compact the soil and often tear loose the slender rootlets 
small trees. Sheep, on the contrary, are exceedingly harmful 
. 25), especially on steep slopes and where the soil is loose. In 
ch places their small, sharp hoofs cut and powder the soil, break 
d overthrow the young trees, and often destroy promising young 
rests altogether. In many places the eflfect of the trampling is to 
stroy the forest floor and to interfere very seriously with the flow 
streams. In the Alps of southern France sheep grazing led to the 
truction, first, of the mountain forests, and then of the grass which 
replaced them, and thus left the soil fully exposed to the rain, 
eat floods followed, beds of barren stones were spread over the 
e fields by the force of the water, and many rich valleys were 
ost or altogether depopulated. Besides the loss occasioned in this 
, it has cost the French people tens of millions of dollars to repair 
damage begun by the sheep, and the task is not yet finished. The 
to the nation is enonnously greater than any gain from the moun- 
pastures could have been, and even the sheep owners themselves, 
»r whose profit the damage was done, were losers in the end, for 
ir industry in that region was utterly destroyed. 

BROWSING. 

e third way in which grazing animals injure the forest is by feed- 
on the young trees. In the western part of the United States, 
re most of the forests are evergreen, this is far less important 
the damage from either fire or trampling, for sheep and other 
als seldom eat young conifers if they can get other food, 
en where broadleaf trees prevail browsing rarely leads to the 
uction of any forest, although it commonly results in scanty 
bung growth, often maimed and unsound as well. Goats are espe- 
iially harmful, and where they abound the healthy reproduction of 
>roadleaf trees is practically impossible. In the United States they 
re fortunately not common. Cattle devour tender young shoots 
nd branches in vast quantities, often living for months on little else, 
nd sheep are destructive in the same way. Hogs also find a living 
n the forest, but they are less harmful, because a large part of their 
bod consists of seeds and nuts. East of the Great Plains very large 
lumbers of cattle and hogs are turned into the woods, but sheep 
[razing in the forest is most widely developed in the West, and espe- 
ially in California, where it should be prevented altogether, in Ore- 
ion and Washington, where it should be regulated and restricted, and 
n some interior regions, like Wyoming and New Mexico, where it 
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should be rigidly excluded from all steep mountain regions, and care- 
fully regulated on more level ground. 

FOBSST INBECTS. 

Insects are constantly injuring the forest, just as year by yearthev 
bring loss to the farm. Occasionally their ravages attain enormous 
proportions. Thus a worm, which afterwards develops into a sawij, 
has since 1882 killed nearly every full-grown larch in the Adirondacks 
by eating away the leaves. Even the small and vigorous larches do 
not escape altogether from these attacks. Conifers, such as the 
and spruce, are much more likely to suffer from the attacks of voslt/iSi 
than broadleaf trees. About the ye^r 187() small bark beetles 
to kill the mature spruce trees in the Adirondacks, and ten y4 
later, when the worst of the attack was past, the forest had been prspi- 
cally deprived of all its largest spruces. This pest is still at woAli 
northern New Hampshire and in Maine. 

FOREST FUNGI. 

Fungi attack the forest in many ways. Some kill the roots of tiaH 
some grow upward from the ground into the trees and change 
sound wood of the trunks to a useless rotten mass, and the 
spores (or seeds) of others float through the air and come in 
with every external part of the tree above ground. Wherevt 
wood is exposed there is danger that spores will find lodgmei 
breed disease. This is a strong reason why all wounds, such as 
made in pruning, should be covered with some substance like 
tar to exclude the air and the spores it carries. 

WIND IN THE FOBEST. 

The effect of wind in the virgin forest is not wholly inji 
Although in many regions it overthrows great numbers of ol^ 
their removal is usually followed by a vigorous young growth 
the old trees stood. In this way the wind helps to keep the 
full of young and healthy trees. But it also breaks and blowsi 
great numbers of useful growing members of the forest (figi' 
Much of this windfall occurs among shallow-rooted trees, or 
the ground is soft because soaked with water, or where the trees hai 
been weakened by unsoundness or fire. Some storms are stroi 
enough to break the trees they can not overthrow. Damage fi 
wind is not uncommon in many parts of the United States, and 
places the loss from it is very serious. Near the town of High Sprinj 
in Alachua County, Fla., for example, in a region very subject 
^ms, there is a tract of many square miles, once covered 
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Liongleaf Pine, over which practically all the 'trees were killed by a 
great storm several years ago. Some were thrown flat, some were so 
racked and so broken in the top that they died, and very many were 
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Fig. 26.— a windfall in the Olympic Forest Reserve, Washington. 

snapped oflf 15 to 30 feet above the ground. There is little use in 
taking precautions against such great calamities, yet the loss from 
windfall may be very much reduced by judicious cutting, An 
unbroken forest is least exposed. 
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F0BS8T FIBBS. 

Of all the foes which attack the woodlands of North America no 
her is so terrible as flre. Foreat fires spring from many different 
uses. They are often kindled along railroads by sparks from the 
3omotivea, Carelessness is responsible for many fires. Settlers and 
rmera clearing land or burning grass and brush often allow the fire 
escape into the woods. Someone may drop a half-burned match or 
e glowing tobacco of a pipe or cigar, or a hunter or prospector may 
^lect to extinguish his camp fire, or may build it where it will bur- 
w into the thick duff far beyond his reach, to smolder for days, or 



ST 28.— The rotting stubs o1 nre-kilLud veterans ot Bed Fir suirounded by youam . 
Fir and Wostem Hemlock, Olympic Forest Reserve, Wssiiingloo. 

eeks, and perhaps to bieak out as a destructive fire long after he is 
one. Many fires are set for mali<;c or revenge, and the forest is often 
urned over by bucklebeiTy pickers to increase the next seasoo's 
rowth of berries, or by the owners of cattle or sheep to make better 
asture for their herds. 

Fire sometimes renews an old forest by killing the veteians and so 
ennitting vigorous young trees to take their place (fig. 25). 

There is danger from forest fires in the dry portions of the spring 
lid summer, but those which do most harm usually occur in the fall. 
Jt whatever time of the year they appear, their destructive power 
epends very much on the wind. They can not travel against it except 
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BUBVAOX PTBB8. 

Surface fires (fig. 29) may be checked if they are feeble by beating 
them out with green brauches or by rakiug the leaves away from t 
narrow strip across their course. The best tool for this purpose is* 
four-tined pitchfork or a common stable fork. In sandy regions i 
thin and narrow belt of sand is easily and quickly sprinkled oyer tlie 
ground with a shovel, and will check the spread of a weak fire, or 
even of a comparatively hot one if there is no wind. Dirt or sand 
thrown on a burning fire is one of the best of all means for putting it 



Fig. 29.— a aaclace Ere burning elowlr egainat Ihe wind, southern New Jeraey. 

In dense forests with a heavy forest floor tires are often hot enoagb 
not only to kill the standing timber but to consume the trunks awl 
branches altogether, and even to follow the roots far down into the 
ground. In forests of this kind fire spreads easily, creeping along on 
the surface or through the duff or under the bark of rotting fallen 
trees. In the same way it climbs dead standing trees and breaks outin 
bursts of flame high in the air. Dead trees help powerfully to spread 
a fire, for in high winds loose pieces of their burning bark are carried 
to almost incredible distances and drop into the dry forest far ahead, 
while in calm weather they scatter burning fragments all about that 

'- 'hey fall. (See fig. 30.) 
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obouhd fires. 

When the duff is very deep or the soil peaty a. fire may burn beneath 
the surface of the ground for weeks or even months, sometimes show- 
ing its presence by a little smoke, sometimes without giving any sign 
of life. Even a heavy i"ain may fail to quench a fire of this kind, 
which often breaks out again long after it is believed to be entirely 
extinct. Fires which thus burn into the ground can sometimes be 



Fro. 30.— The efleot of repeated Area. Not only the old trees are dead, but the sef dllngs -which 
succeeded them have perished also. Western Yellow Pine in the Black Hilla Forest Reserve. South 
Dakota. 

checked only by digging a trench through the layer of decaying wood 
and other vegetable matter to the mineral soil beneath. Ground tires 
usually burn much more slowly than surface fires, but they are excep- 
tionally long lived and very hard to put out. It is of the first impor- 
tance to attack such fires quickly before they have had time to burrow 
far beneath the surface of the ground. Surface fires are usually far 



lesB troublesome, but in either caav tires whieh kill the trees are gen- 
erallv repeated again and again until the dead timber is consumed 
(fig. 31). 
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out for lack of fuel. To prevent it from moving with the wind, a 
back fire should always be started on the windward side of a road (fig. 
32) or a raked or sanded strip, or some other line which it can be kept 
from crossing. If it is allowed to escape it may become as dangerous 
fts the main fire itself. Back fires are sometimes driven beyond control 
by a change of wind, but the chief danger from their use is caused by 




fiQ. 33.— A fire line along a railroad with two cleared spaces separated by a double row of trees 

intended to catch the sparks. 



[)ersons who, in excitement or fright, light them at the wrong time or 
n the wrong place. Still, there is no other means of fighting fires so 
X)werf ul and none so effective when rightly used. 

FIBE LINES. 

Fire lines — strips kept free from all inflammable material by burn- 
ng or otherwise — are very useful in checking small fires and of great 
ralue as lines of defense in fighting large ones. They are also very 
effective in keeping fires out of the woods, as, for example, along 
railroad tracks (fig. 33). But without men to do the fighting they are 
rf as little use against really dangerous fires as forts without soldiers 
igainst invading armies. 
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PARMBR8' BULLETINS. 

Th<» fr)llowinj? in a list of x\w Fannerp' BuUetin^ available for dirtribution, showii 
tilt* niitiiU>r and title of each. Copien will \ye 8ent to any addrest^ on application I 
aiiv S4*iiHtor, li^'prc^K^ntative, or Delegate in Congrew, or to the SeoretMy of Af 
<'ulture, Wa^hin)H<>ii, 1>. C. 

No. Ki. l>4uiiiiiiiiuiiM riHiiU. Nn. 21. Barnyard Manure. No. 22. The Feeding of Farm Anini 
No. Jl. Hi»K< lioWru Hiut SHiiu* IMaKue. No. 2ft. IVanutu: Culture and Tses. No. 27. Flax for se 
Hfid FilMT No. >. Wrt-iU: And How Ui Kill Tht'm. No. 29. Souring and Other Changes m MH 
No. :«». iirn]H' In*ra«M-« on tin- I'mirir Coant. No. 31. Alfalfa, or Lurern. No. 32. Silos and Sil ' 
No. Xi. Vvnrh iirovuMK for Market. N(». 34. MeaU>: Compofdtion and Cooking. No. 35. ft 
CiiHiiri'. No. :«;. Cotton S«'«m1 H nil li«i PriMluctn. No. 37. Katir Com: Culture and Use?. No.38.^n 
iuK for Fnni IMmhm"*. N(». :w. Onion Cnltun*. No. 40. Farm Drainage. No. 42. Facts AboutMi 
No. i;{. SewiiK*' I)I'-ih»*.h1 on the Farni. No. 44. Commercial FertiliaerB. No. 45. Insects Injuriowj 
Sltin-d <;ri4in. No. U'>. Irrimition in Humid <'limati>s. No. 47. Insects Affecting the Cotton Pu' 
No. IS, Thr Mamirinif <if (Nition. N<). 49. Shoei) Fttnling. No. ftO. Sorghum as a Forage C 
No. r>l. Sian«l»ir<l Varntit-v itf CliickcnM. No. .'»2. The Sugar Beet. No. 53. How to Grow Hnsbw 
No. M. ^niiH- Corn III. HI Binl.s. N<». /VS. The Dairy Herd. No. 66. Experiment Station Wort; 
.No. .17. liuit*r Makiiiu <»n the Farm. No. ivs. The Soy Bean as a Forage Crop. No. 59. Bee Ke«?r 
No. CiO. M«tlicMis of Cunnu Tobaci-o. No. tU. AM(»arHgtiK Culture. No. 62. Marketing FannProd 
No. t,n. Clin- of .Milk on thr Farm. No CA. Duok.s and (ft»t»j<e. No. 66. Experiment Station WorM 
No. fA,. MeaMows and I'avture.s. No. (j^. The Black Rot of the Cabbage. No. 69. Experiment StaS 
Work III. No. 70. In-rct Knrmies of tlu- (irape. No. 71. ENscntialn in Beef Production. >'<>• 
Cattle Karme*. of the Southwest. No. 73. Kx{K'riment Station Work— IV. No. 74. Milk as Fc 
.No. 7'). The <irain Miiiit«.. .No. Hk T<»niato Gn)wing. No. 77. The Liming of Soils. No. TS.^^ 
ment Station Work -V. No. 7i». MxiKTiment Station Work— VI. No. «0. The Peach Twig-1» 
No. hi. Corn Culture in tile South. No. h2. The Culture of Tobacco. No. 83. Tobacco Soils. No 
KxiK-riiiieiit Siati.m Work— VII. No.N'S. Fi.sh ilm Food. No. 86. Thirty Poisonous Planfe So-' 
Kxi.erinient Station Work— VIII. No. SS. Alkali I^nd^^. No. 89. Cowpeas. No. 91. Potato Di*f 
aiKl Treatm.-nt. No. '.»2. Kxperinieni Station Work— IX. No. 93. Sugar as Food. No. 94. The >f 
tahle (Jar.leii. No. '.»'). ({(hmI |{oa«is for Farmers. N«». 96. Raising Sheep for Mutton. No. 97. Exp 
iiKiit >tatioii W<»rk--X. .No. u^. Suffi;e.stion.s to Southern Farmers. No. 99. Insect Eneini«s] 
Sha«le Trees. No. 1(K> Ho^' Kalvin^ in the South. No. 101. Millets. No. 102. Southern For 
riant^. No. H»». Kxperiiiieiit Station Work— XI. No. 104. Notes on Frost. No. 106. Expennn 
Station Work -XII No. KHl. Hree<l.*< of Dairv Cattle. No. 107. Experiment Station Work-Aj 
No. MtH. Sallbushes. No. VViK Fanners' Reading Courses. No. 110. Rice Culture in the liuij 
Stales. No. 111. Farmer's Interest in (tjmkI Seed. No. 112. Bread and Bread Making. No- /^ 
The Aj.t.le and How toCJrow It. No. 111. Kxperiment Station Work— XIV. No. 115. Hop Ciiiw 
in California. No. 11('>. Irrigation in Fruit (irowing. No. 117. Sheep, Hogs, and Horses in 
Nortiiwest. .No. IIH. (irape (irowiiiK in the South. No. 119. Experiment Station Work— XV- 
l'2l). Insects AfTeetiiiK Tohaeeo. N<». 121. Beans, Peas, and Otner Legumes as Food. No- . 
Kxperiment S(ati«)n Work— XVI. No. 123. Red Clover Seed. No. 124. Experiment Station V^oj* 
XVII. No. 12'). Protection of Food PnMluets from Injurious Temperatures. No. 126. ^^j[ 
SuKKestions for Farm Bnildinj^s. No. 127. Important Insecticide.**. No. 128. Eggs and TB' 
Cses a'i Fo(.<l. No. 129. Sueit Potatoes. No. 130. The Mexican Cotton Boll Weevil. No- \ 
HoMschoWl Tests lor Detection of ( Ueomurgarino and Renovated Butter. No. 132. Insect Eneffl' 
of (Jrowiin: Wh»at. N«». l:{;{. Kxperiment Station Work— XVIII. No. 134. Tree Planting in R* 
S<'hool (JrouiKls. No. i:C>. Sor^rliuin Sirup Manufacture. No. 136. Earth Roads. No. -^- !: 
Angora (Joat. No. i:i.s. IrriKalion in Field and Garden. No. 139. Emmer: A Grain for the fc^JJ 
arid K«'unoiis. No. 110. Piiuapple Growing. No. 141. Poultrv Raising on the Farm. No. J 
Nutritive and Keonoiiiie Value of F<K>d. No. 143. Conformation of Beef and Dairy <^«'J 
No. in. Kxj>erinient Station Work— XIX. No. 145. Carb<m Bisulphid as an Insecticide. ^ 
IKi. Inseeticides and Fun^neides. No. 147. Winter Forage Crops for the South. No. 148. i^'J 
Culture. No. lliJ. Kxperiment Staticm Work-XX. No. 150. Clearing New Land. No. 151.1»"; 
iuK in the South. No. l.')2. Scabies in Cattle. No. 153. Orchard Enemies in the Pacific N<>^f![ j 
No. 154. The Fruit (Jarden: Preparation and Care. No. 156. How Insects Affect HeaW. 
Rural Districts. No. l.')(). The Home Vinevard. No. 157. The Propagation of Plants. No. J 
How to Build Small Irrigation Ditches. No. 159. Scab in Sheep. No. 160. Gcone Laws for ijj 
No. 1»)1. Practical SugRestions for Fruit Growers. No. 162. Experiment Station Work— XXL No.i" 
Meth(KlH of C(mtrolliug the Boll-Weevil. No. 164. Rape as a Forage Crop. No. 165. Culture oi^ 
Silkworm. No. 166. Cheese Making on the Farm. No. 167. Cassava. No. 168. Pearl Millet. Noj" 
Experiment Station Work— XXII. No. 170. Principles of Horse Feeding. No. 171. The Conirw; 
the Codling Moth. No. 172. Scale Insects and Mites on Citrus Trees. No. 173. Primer of Foresu. 
No, 174. Broom ('orn. No. 175. Home Manufacture and use of Unfermented Grape J"^J^|J« 
176. Cranberry Culture. No. 177. Squab Raising. No. 178. Insects Injurious in Cranberry CUJJ" 
No. 179. Horseshoeing. No. 180. Game Laws for 1903. No. 181. Pruning. No. 182. Poultry as fw 
No. 183. Meat on the Farm. 
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